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Introduction

ÅPrismatic HTGRs are a concept approaching deployment as microreactors

īUSNC

īBWXT

īRadiant Nuclear

ÅDeploying these reactors requires modeling and simulation tools that have been validated 
for these systems, but most thermal hydraulics modeling and simulation tools were 
developed and validated for LWRs

īObjective in this work is to validate RELAP5-3D for prismatic HTGR modeling based 
on HTTF data

ÅTo provide a set of verification and validation problems, we have been spearheading the 
development of an HTGR thermal hydraulics benchmark based on the High Temperature 
Test Facility (HTTF)

īIn collaboration with Argonne National Lab/NEAMS Program, Oregon State 
University, Canadian Nuclear Labs, NRG



The High Temperature Test Facility

ÅHTTF is an integral-effects thermal 
hydraulics test facility for prismatic 
HTGRs built at Oregon State University 
(OSU)

ÅNon-nuclear facility heated by graphite 
resistive heater rods

ÅFacility contains > 500 instruments 
capable of providing high-quality time-
dependent data about the state of the 
facility

Gutowska, I. and Woods, B., ñOSU High Temperature Test Facility Design 

Technical Report,ò OSU-HTTF-ADMIN -005-R2, Oregon State University, 

Corvallis, OR, 2019.



OECD-NEA High Temperature Gas-Cooled Reactor Thermal 
Hydraulics Code Validation Benchmark

ÅBenchmark is being spearheaded by ART-
GCR

īInput from INL, ANL, OSU, UTK, CNL 
and NRG

ÅBenchmark includes problems for lower 
plenum mixing, depressurized conduction 
cooldown (DCC), and pressurized 
conduction cooldown (PCC)

ÅBenchmark problems include exercises 
for code-to-code comparison, best-
estimate modeling, and error scaling

ÅBenchmark has interest from participants 
in Belgium, Canada, Italy, Korea, Poland, 
UK, US, and more



Benchmark Problems and Exercises

ÅBenchmark is broken down into 3 problems representing different physical phenomena

ÅProblems are broken down further into exercises, which represent different modeling approaches
īExercise 1: Code-to-Code comparison, fixed boundary conditions
īExercise 2: Code-to-Data comparison, open boundary conditions, validation

īExercise 3: Error scaling, quantifying how well codes validated based on HTTF provide insight into MHTGR

ÅProblems and exercises are intended for computational fluid dynamics (CFD), Systems codes (SYS), or 
coupled systems code/CFD models (COU)

ÅThis FY has included RELAP5-3D modeling of Problem 2 and Problem 3 Exercises 1 and 2, but focus of 
this talk will be on Problem 3: Exercise 2

Problem Experiment Exercise 1 Exercise 2 Exercise 3

1 ï Lower 

Plenum 

Mixing

PG-28 CFD/COU CFD/COU N/A

2 ï DCC PG-29 SYS/COU SYS/COU SYS

3 - PCC PG-27 SYS/COU SYS/COU SYS



Benchmark kickoff meeting was June 5-6 at Oregon State 
University

ÅHybrid kickoff meeting had 48 
participants from 13 countries

Å9 technical talks from 7 institutions 
representing 5 countries
īNot including presentations describing the 

benchmark itself 

ÅInterest from National Labs, Universities, 
and Industry

ÅCurrently soliciting feedback on 
benchmark specifications from 
participants to ensure everyone is on the 
same page when they start work

ÅSpecial thanks to Prof. Iza Gutowska at 
OSU for hosting the meeting 



Å Descends from the INL model published in 2018

Å Core is modeled as a set of nested heat structures

ī 3 represent inner reflector

ī 3 represent area containing heater rods

ī 3 represent outer reflector

ī Permanent side reflector is modeled as a single piece

Å Core divided into 14 axial levels

ī 2 upper reflector

ī 10 active core blocks

ī 2 lower reflector

Å Heater rods communicate with core blocks through radiation heat transfer only

Å Heat structures containing coolant channels have to be modeled with unit cell 
approach

RELAP5-3D Model of HTTF

RELAP5-3D model description can be found in: 

Bayless, P., ñRELAP5-3D Input Model for the 
High Temperature Test Facility,ò Idaho National 
Laboratory, Idaho Falls, ID, INL/EXT-18-45579, 

2018.


